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INTRODUCTION 
In recent years radiation has "been added to hybridization and 
introduction as a means of creating variability in plant species. 
Despite the fact that radiation research on plant materials began before 
1930, the technique has not been widely used in breeding programs possi­
bly because other methods have been adequate and some uncertainty 
existed about its usefulness. 
An intelligent evaluation of radiation for producing genetic 
variability in crop plants depends upon a knowledge of the characters 
which are mutable, the frequency of induced variants, the direction of 
mutations, and the magnitude of their changes. While some published 
information exists about the characters which are mutable, data on the 
other three phases are scant especially for the characters of interest 
to plant breeders. 
This study compares, directly, the amount of variability from 
radiation and hybridization in hexaploid oats, Avena sativa L. Of 
particular interest is the relative efficiency of these two methods in 
producing genetic variance for quantitatively inherited characters. 
Skewness and kurtosis values were determined to indicate, respectively, 
the prevalent direction and magnitude of change. 
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HEVIEW OF LITEBATUEE 
Various types of ionizing and non-ionizing radiations (Oatcheside, 
8) have teen used as mutagens. The commonly used ionizing radiations 
include X-rays, neutrons, protons, and the emissions of radioactive 
substances, such as alpha, beta, and ganuna rays. X-rays were used in 
almost all earlier mutation work and are still one of the sore popular 
mutagens. Ionizing radiations act by ejecting electrons from atoms as 
they pass through matter. Ultraviolet rays, which are the principle 
non-ionizing radiation, penetrate only short distances into tissues. 
They act by raising the energy level of the electrons rather than by 
ejecting them to cause an ionization. 
Gustafsaon and Wettstein (35) classified mutations into the 
following categories: 
I. Genome mutations—changes in chromosome number (polyploidy 
and aneuploidy). 
II. Chromosome mutations—changes in the chromosomes. 
A. Structural rearrangements (translocations, inversions, 
duplications, deficiencies, and deletions). 
B. Gene mutations. 
III. Extra-nuclear mutations. 
A. Cytoplasmic mutations—genetic changes of plasmogenes or 
still undefined cytoplasmic structures. 
B. Plastidome mutations—changes of the genetic structure in 
the chloroplasts. 
Gene mutations, which are probably the most useful in breeding work, are 
3 
defined (G-ustafsson and Wettstein, 35) "by two criteria: cytologically 
invisible with a light microscope and having the ability to back mutate 
either directly or indirectly. 
Literature reviews dealing with useful agronomic mutations have 
been published by Aronoff and Frey (4), Gaul (24), G-ustafsson and Wettstein 
(35).- Konzak (39), MacKey (48), Singleton (60), and Smith (62). 
Aronoff and Frey (4) presented three areas where mutation breeding 
has shown some promise. The first, as recognized by Stadler (66), is 
in asexually reproduced crops where somatic mutations can be propagated 
without going through a sexual phase. Singleton et al. (6l) summarized 
some of the results that have been obtained in these crops. Stubbe 
(6?) reported somatic mutations which changed maturation, fruit size, 
shape, and color, and type of peduncle and calyx cavities of the apple. 
About 5.5 percent of the radiated scions produced red colored fruit, a 
type sought for 20 years. 
The second use of radiation has been demonstrated by Sears (57) who 
used it to aid in transferring a small segment of an Aegilops umbellulata 
chromosome containing a rust resistance gene to a chromosome of common 
wheat. Radiation was used to fragment the chromosomes so that the 
desired recombination of fragments could occur. Elliott (15) similarly 
transferred a rust resistance gene from Agro~oyron elongatum to wheat. 
The third use of radiation is to produce useful, heritable variation 
in sexually reproduced crops, an area of research which has received 
considerable attention. Gaul (24, p. 276) has stated that "there is 
little doubt that all genes involved in the world collections of our 
cultivated plants can be reproduced by induced mutations." 
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Chlorophyll mutations were found frequently by Stadler (64,65,66) 
in radiated material from corn and barley. Later, Akerman and Frôler 
(2) and Frôler (22) reported chlorophyll mutations in oats, but 
Gustafsson and MacXey (33) stated that chlorophyll mutants appear only 
rarely in polyploids. Gaul (24) found the number of chlorophyll mutants 
in barley to be independent of the X^ fertility with low but not with 
high tillering which shows that the total mutation rate may vary with 
the conditions under which the plants are grown. 
Mutations causing resistance to barley mildew were reported by 
Freisleben and Lein (16) in 1942; later resistance te oat stem rust was 
reported by Konzak (42) and Frey and Browning (19), to victoria blight 
by Konzak (40), and to oat crown rust by Chapman et al. (9). Gregory 
(29) and Cooper and Gregory (10) found mutants in peanuts that were both 
more resistant and more susceptible to leaf spot than the source material. 
Of 84,213 Xg plants classified 70 were resistant, but only 21 of the 70 
remained resistant in subsequent generations illustrating the need for 
large populations with radiation work. In contrast to the rust resistance 
mutants in cereals, the mutants for leaf spot reaction differed by 
degrees from very resistant to very susceptible. 
Radiation was used by Gustafsson and MacKey (33) and Miintzing ($4) 
to produce mutations for earliness, lateness, and better straw strength 
in the cereals. Frey (17,18) found mutants in oats with shorter, stronger 
straw, earlier and later maturity, different bushel weight and yield, 
and field resistance to the prevalent races of crown and stem rust. 
Shebeski and Lawrence (58) produced barley mutants with better straw 
strength, earlier maturity, denser spikes, and that were equal to the 
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parental strains in yield and malting quality. Frôler (21) published a 
comprehensive study of approximate!y 100 promising "barley mutants that 
had teen produced "by the Swedish workers. 
According to Gustafsson and Tedin (3*0 radiation has been used to 
induce mutations for straw stiffness, earliness, protein content, baking 
quality, fiber strength, and grain size in the cereals and comparable 
mutations in peas, lupines, flax, and tomatoes. Mertens and Burdick 
(51) produced two lines of tomatoes that were earlier than the control. 
Barley mutants with higher protein percentages and tomatoes with a higher 
alkaloid content were reported by Stubbe (67). 
A more drought resistant strain of cotton was produced by Dorasami 
and Srinivasa-Iyengar (11) by X-ray treatment of germinated seed, and 
Aronoff and Frey (4) reported increased winter resistance in oats from 
radiation. A self-fertile mutant found by Lewis (44) in radiation 
derived populations of normally self-sterile Oenothera organensis has 
interesting implications. Similar mutants in other self-sterile species 
would permit the application of conventional breeding techniques to 
these species. Gustafsson (32) coined the term, "ecological mutants", 
for several radiation derived barley strains that yielded as high as 
the parent varieties under low nitrogen fertility but better under high 
nitrogen, thus appearing best adapted to the particular ecological niche 
of a high nitrogen soil. 
Oka et al. (55) symetrically increased variation for heading date 
and height in rice with two dosages of X-radiation. The 12,000 r 
treatment produced more variation in both characters than did the 6,000 r, 
but population means were unchanged. 
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Ehrenberg et al. (13) stated that any of the quantitative characters 
in plants may be altered by radiation. In presenting frequencies for 
barley yield mutants G-ustafsson and Wettstein (35) showed that some 
yield mutants also exhibited the erectoides character or drastic morpho­
logical differences, whereas others were not visibly different. A 
naturally occurring mutant in oats studied by Torssell and MacEey (68) 
had a lower 1,000 seed weight than its parental stock during 20 years 
of testing, but other agronomic traits were unchanged. GauL (24) 
pointed out that desirable mutations affecting quantitative characters 
would be "Eleinmutationen" or mutations of small magnitude rather than 
those causing large variations.» 
Probably the most extensive attempt to change quantitative traits 
by radiation was made by Gregoiy (29,30) working with peanuts. From 
75,000 seeds radiated with 10,000 r, 16,000 r, or 18,500 r of X-rays, 
2,000 X]_ plants derived from the highest dosage were classed as severely 
damaged or near normal. The remaining X^ plants (4.34 acres) were 
harvested in bulk by treatments and used to make the X^ planting of 
975,000 plants which occupied 64 acres. Variances from subsequent 
yield trials were higher among lines derived from severely damaged 
X^ plants than among lines derived from nearly normal X^ 's. Both of 
the radiated groups had significantly higher variances than similarly 
handled non-radiated material. From these studies Gregory concluded that 
habit of growth, proportion of vegetative to fruiting branches, vegeta­
tive vigor, and yield were changed in both directions by radiation 
treatment. 
In a later study (28) in which Gregory compared the yield variances 
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among lines derived from radiation and hybridization populations, as 
much variation for yield was induced by radiation as was observed in 
four hybrid populations. The increased variance in the radiated 
materials was due to the production of both higher and lower yielding 
lines. Gregory suggested radiating a hybrid population to get even 
more extreme variation; Gustafsson (31) had previously indicated that 
strains derived from crosses have a higher mutation rate. 
Stubbe (67) succeeded in producing higher yielding strains of 
barley and soybeans by radiation. One of the soybean lines yielded 
21 percent more than the parental stock. Aronoff and Frey (4) reported 
genetic differences for yield produced by radiation even after con­
siderable care had been taken to preserve the exact phenotype of the 
parental variety. 
A number of factors such as stage of growth or nuclear cycle of 
the organism (59,39). type, dosage, and frequency of radiations (1,5, 
6,14,26,39,59), moisture content of the material (1,5,14,39), type of 
atmosphere (5,1^,39)• hull covering (26), seed size (26), and genotype 
(1,39) may influence the germination, X^  survival and uniformity, 
frequency of chromosomal abberations and mutations, or amount of 
sterility of the plant. Konaak (39) also included storage of radiated 
seed, age of material, nutrition, and temperature as modifying factors 
of radiation effectiveness. It appears that most of these procedural 
factors affect X-radiated more than neutron material (5,14). Caldecott 
reports that pre-treatment affects only the X^ generation and that 
(5, p.44) "it has not been demonstrated that the degree of genetic 
damage per unit survival can be altered." 
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Steelier (64,65,66) used X-rays to produce many chlorophyll mutants 
in diploids, "but similar mutations were nearly nonexistent in polyploid 
cereals. He concluded that a radiation breeding program involving a 
polyploid species would be futile. In comparing chlorophyll mutation 
rates Miintzing (53) produced 75 mutants in diploid barley but none in 
a related autotetraploid strain. Mikaelsen and Aastveit (52) concluded 
that the ploidy level accounted for the fact that three times the 
dosage of radiation was required to achieve the same reduction in growth 
and fertility in oats as in barley. 
MacEey (46,49,50) confirmed the negative relationship between 
ploidy level and frequency of chlorophyll mutants, but for other muta­
tion types there was a positive relationship between ploidy level and 
mutant frequency. Many morphological variants occurred as much or more 
frequently in polyploids then in diploids, but the effect per mutation 
was usually less in the polyploids. MacKey suggested (49,50) that the 
smaller, "subtle" changes were more likely to be useful in a breeding 
program than the drastic changes often produced in diploids. Probably 
both this and the small er number of chlorophyll mutants found in poly­
ploids were expressions of "the buffering effect of polyploidy." In a 
later paper (47, p. 106) MacKey reiterated that mutations in polyploids 
tend to vary the magnitude of a trait rather than deleting it: 
Except for the occurrence of awns and adventitious spikelets, 
all mutations of the 6x wheat can be classified as mere shortening, 
lengthening, thickening, or thinning of already existing organs, 
or as mere physiological changes. None of the mutations show 
radical organic alterations or innovations, which occurs in 
diploids 
In studying the radiation sensitivity of 2n, 4n, and 6n members of 
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Triticum and Arena. Konzak and Singleton (43) found the 4n species to 
"be the most resistant to neutron damage, "but the higher chromosome numbers 
were always more resistant to X-radiation. Contrariwise, MacKey (47) 
found that wheat species with higher chromosome numbers were always more 
resistant to neutrons, but with X-rays the 4n species were most resistant. 
Ehrenberg et al. (14) found that neutron radiations(and probably other 
densely ionizing radiations) have their effects in a direct manner in 
that ionizations occur in or in the immediate vicinity of the structures 
of importance, but that sparsely ionizing radiations such as X-rays 
act at least partially in indirect ways via intermediate steps. 
Environment would thus affect X-ray more than neutron treated material. 
MacKey * s results might be expected since extranaclear X-ray damage is 
likely to be independent of the chromosomes, and thus ploidy level may 
not be the factor for determining resistance. 
Recently, Caldecott et al. (7) reported finding several rust re­
sistant oat plants in radiated material when the X^ was grown at Aberdeen, 
Idaho but none when the X^ was grown at Brawley, California where no 
other oats were grown. They concluded that the variants found in 
Aberdeen grown material were hybrids and not mutants, which might also 
be true of many reported mutations, especially the dominant ones. Al­
though Konzak (4l) admitted that many of his supposed mutants were 
probably the result of field hybridization, some carried previously 
unknown types of stem rust resistance. These papers demonstrate the 
need for techniques to suppress natural crossing in critical studies of 
the mutagenic effect of radiation. 
Of ultimate interest, of course, are the radiation materials which 
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are commercially important. Johason et al. (37) reported a radiation 
derived strain that yielded 2.6 times as much penicillin as the parent 
strain of Pénicillium chrysogenum. This line has figured highly in 
allowing penicillin to he produced more economically. 
Important European radiation derived varieties include the "Stralart" 
(Hay Pea) (13,25,3*0, Primez white mustard (3,13,3*0, "Schafers Universal11 
beans (13,3*0, and "Regina vârraps II" spring rape (3*4-). Ehreriberg 
et al. (13) stated that several radiated strains of barley, wheat, peas, 
and lupine were promising enough to be placed in the official Swedish 
state trials. 
In the United States Down and Andersen (12) produced the bush type 
bean variety, Sanilac, by radiating the Michelite variety. The bush 
character greatly aids mechanical harvesting, keeps the pods off the 
ground, and minimizes the effects of wet, himid weather during harvest. 
It had never been previously possible to produce a bush type field bean 
with a smooth seed coat. Gregory^ - released a radiation derived peanut 
variety, which appeared superior for several agronomic characters to the 
varieties previously recommended for North Carolina, under the name of 
NC 4x. A radiation derived cat variety with superior crown rust resist­
ance has been recently released in Florida^. 
•""Gregory, W. C., Department of Field Crops, North Carolina State 
College, Raleigh, North Carolina. Information concerning NC *tor. Private 
communication. 1959* 
^Murphy, H. C., Head, Oat Section, USDA Plant Industry Station, 
Beltsville, Md. Information concerning Florida oat varieties. Private 
communication. 1959» 
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MATERIALS AND METHODS 
Lots of 1,000 seeds each of the spring oat varieties Clintland and 
Beedee and 2,000 Fg seeds from the cross between these varieties were 
treated with thermal neutrons in the fall of 1957» The radiation dosage* 
was 1.39 x 1013 neutrons per square centimeter t 15 percent received 
over an eight hour period. The three radiated seed lots plus 2,000 
non-radiated F^ seeds and 200 non-radiated seeds from each of the 
parent varieties were planted in the greenhouse at the rate of five seeds 
per pot. The numbers of seeds planted and generation designations for 
the greenhouse grown material are summarized in Table 1. The Fg, 
and parent generations were grown in the greenhouse to speed the progress 
of the study and to minimize the possibility of natural crossing. As 
an additional precaution to prevent crossing between populations, each 
of the first four populations listed in Table 1 was grown in a separate 
room in a different section of the greenhouse. The non-radiated 
Clintland and Beedee populations were planted almost one month later and 
were both grown in the same room of a different greenhouse. 
Vthen mature, the plants grown in the greenhouse were harvested and 
threshed individually. Progenies which contained at least two seeds 
were grown in spaced planted rows in the field in 1958. Each of the 
3,299 progeny rows (Table l) was 15 feet long, and the spacing between 
rows was 2 l/2 feet. The material occupied some 3*75 acres. Plants 
^•Radiation was performed and dosage calculated under the direction 
of Dr. Seymour Shapiro at the Department of Biology, Brookhaven National 
laboratory, Upton, L. I., Hew York. 
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Table 1. The generations and number of seeds and rows planted in the 
greenhouse and field in 1958 
Population 
Greenhouse Field 
No. of Generation 
seeds 
No. of 
rows 
Generation 
Radiated Clintland 1000 66? %2 
Radiated Beedee 1000 % 490 
*2 
Hybridized & radiated 2000 %,p2 692 2^*^ 3 
Hybridized 2000 E2 1339 
*3 
Clintland 200 64 —— 
Beedee 200 — 47 — -
Total 6400 3299 
severely infected with "barley yellow dwarf were removed prior to harvest 
resulting in an estimated 1.5 percent loss. 
Data recorded from the 1958 field plots included frequency of 
chlorophyll and fatuoid (36) mutants, heading dates on each row, fre­
quency of rows segregating for heading date, non-heading plants, number 
of rows with noticeably tall or short plants, and number of rows 
segregating for height. Observations on chlorophyll mutants were made 
within two weeks after emergence, and fatuoid notes were taken when the 
heading dates were recorded. Heading dates were recorded when the 
collars immediately below the panicles were visible on half of the 
plants in the row, and visual height observations were made near the 
end of the heading period and again two weeks later. 
Each plant in the 1958 field nursery was harvested and threshed 
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separately. The progeny resulting from a single seed, planted in the 
greenhouse and in turn occupying a row in the field will hereinafter 
"be called a family. After threshing, the families within the radiated 
Clintland and Beedee populations were subjected to selection so that 
each population would contain an equal number of families with 2, 3» 
4, etc. plants per family. The two populations derived from hybrid 
material were matched to contain twice as many families in each of 
these categories as did the radiated Clintland and Beedee. Families 
within the two non-radiated variety populations were selected only to 
the extent that each population contained an equal number of families 
with 2, 3» 4, etc. plants per family. From these matched populations 
80 families each from radiated Clintland and Beedee, l60 families each 
from the radiated and non-radiated hybrid populations, and 12 families 
each from non- radiated Clintland and Beedee were assigned to a "randomt! 
experiment for planting in 1959# and similar numbers were chosen for a 
"selected" experiment (Table 2). The 1958 families which were not 
designated to one of these experiments were discarded. 
For each family in the random experiment two plants were randomly 
chosen, and the weights per 100 seeds were determined for both. Each 
plant constituted an entry for the 1959 random experiment (Table 2). 
For the selected experiment 100-seed weights were determined on 
all plants within each family assigned to the experiment, and those 
plants having the highest and lowest 100-seed weights within each family 
became entries in the 1959 selection experiment. No family was rep­
resented in both experiments. The terms "random" and "selected" apply 
only to the character 100-seed weight since selection for other characters 
Table 2. The generations and numbers of families and entries in the 1959 random and selected 
experiments 
Population 
Random experiment 
Number of: 
Families Entries 
Selection experiment 
Number of: 
Families 
Entries 
High Low Total 
80 80 80 160 
80 80 80 160 
160 160 160 320 
160 160 160 320 
12 12 12 24 
12 12 12 24 
Generation 
Radiated Clintland 
Radiated Beedee 
Hybridized & radiated 
Hybridized 
Clintland 
Beedee 
80 
80 
l60 
l6o 
12 
12 
160 
160 
320 
320 
24 
24 
N_ 
N_ 
3 
»3'*4 
F, 
Total 504 1008 504 1008 
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was not practiced. 
The 100 seeds counted from each entry for weight determination were 
divided into four 25-seed packets to furnish the material for planting 
four replications of each entry in the 1959 experiments. Each experi­
ment was arranged in a split-split-plot design with the three main plots 
being Beedee-, Clintland-, and hybrid-derived material. The sub-units 
were families within each source, and the sub-sub-units consisted of the 
lines within families. Each experiment (Table 2) consisted of 1,008 
entries representing 504 families which were replicated four times; 
this made a total of 4,032 plots per experiment. 
The material was planted in hill plots as described by Ross and 
Miller (56) with a plot consisting of a single hill in which the 25 
seeds were planted, and the hills were spaced one foot apart in per­
pendicular directions. To reduce the chance of losing a whole experi­
ment to a weather catastrophe, two replicates of each experiment were 
planted on the agronomy farm at Ames on April 8, and two replicates 
were planted at Kanawha on April 9» The experiments were sprayed with a 
fungicide (active ingredients—Nabam* and zinc sulphate) to prevent a 
rust epiphytotic which might confound the data. 
Heading dates were recorded on a plot basis on the Ames plots, and 
heights were taken shortly before harvest on the Kanawha material. 
Plots were considered headed when half of the collars had emerged from 
the sheaths. 
l$Iabam is a short name applied to disodium ethylene bisdithio-
carbamain. The Rohm and Haas Co.1 s brand DithaneD-l4 was used as the 
source of Nabam. 
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When mature all plots were harvested, threshed, and assayed for 
100-seed weights. The seeds were counted with an electronic seed 
counter similar to the one described by G-oulden and Mason (27). The 
data from both years were transferred to punch cards for de-randomization 
and variance and covariance analyses. 
Two small experiments were conducted in the fall of 1958 to estimate 
the amount of natural crossing that might occur between plants in the 
same room of the greenhouse. In one experiment 250 seeds of the 
Clintland variety were radiated with thermal neutrons and planted in 
pots which were alternated with pots of Clintland 60 on the greenhouse 
bench. Since Clintland 60 carried the dominant B gene which conditions 
resistance to race 7 of the oat stem rust pathogen and Clintland did 
not, any crossing involving Clintland 60 pollen on the Clintland parent 
could be detected by the resistance to this race in the 3^ seedling. 
A total of 355 seedlings from 96 panicles were tested for resistance to 
race 7» In the second experiment non-radiated Clintland and Clintland 
60 material were similarly arranged on the greenhouse bench, and 859 
florets on 141 panicles of Clintland were emasculated and left tin-
pollinated. The amount of seed set would also estimate crossing per­
centage, and a rust test on the seedlings would separate seeds 
resulting from selfing and crossing. 
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EESUITS 
The heading date variances (Table 3) for the radiation populations 
were exactly 35 percent higher than those of comparable non-radiated 
populations in 1958. The non-heading plants (column 5, Table 3), which 
were moved to the greenhouse almost a month later than the last heading 
date, were similar to a plant found in the îfy (greenhouse) generation 
of the radiated Beedee population. The latter headed two months after 
the rest of the plants were ripe, but no seed was set on this plant 
despite the occurrence of many normal appearing spikelets. Hone of the 
material taken from the field to the greenhouse survived, probably due 
to excessive greenhouse temperatures. 
Table J. Heading date variances between rows, number and percent of 
segregating rows and number of rows containing non-heading 
plants in the 1958 nursery 
Population 
Heading 
date 
variances 
Segregating rows 
Bo. $ 
Rows with 
non-heading 
plants 
Radiated Clintland 2.65 36 5.6 0 
Clintland 1.97 0 0 0 
Radiated Beedee 9.62 50 12.0 4a 
Beedee 7.15 2 4.9 0 
Hybridized & radiated 21.02 104 16.7 1 
Hybridized 15.53 194 14.8 0 
O^ne plant in the population did not head in the generation. 
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Bone of the 1958 rows derived from non-radiated Clintland or 
Beedee contained fatuoids, whereas fatuoid plants were found in 6.2 
and k.6 percent of the rows derived from radiated Clintland and Beedee, 
respectively (Table k), and the relative frequency of fatuoid con­
taining rows was doubled by radiation of the Fg seeds. Six rows con­
taining chlorophyll mutants were observed, all in the radiated popula­
tions. These data attest to the effectiveness of radiation in causing 
mutations in oats. 
The analyses of variance for weight per 100 seeds, end heading 
date and height from the random experiment are presented in Tables 
5 and 6, respectively, and from the 1959 selected experiment in Tables 
7 and 8, respectively. The Clintland, Beedee, and hybridized groups 
were analyzed separately in each experiment. The subdivision of the 
degrees of freedom was similar for all of the analyses except weight 
per 100 seeds in the selected experiment (Table 7)« In this case the 
subdivision was changed because selection had been practiced for this 
character. The precision of these experiments, indicated by the co­
efficients of variation (Table 9), was good when judged by the usual 
standards for yield. Furthermore, they were consistent from one 
population analysis to the next. Coefficients of variation were not 
calculated for heading date since these data were recorded with June 1 
as the arbitrary zero point. 
With few exceptions, those being for heading date in the random 
experiment, the mean squares from radiated populations were higher than 
comparable values from the non-radiated counterparts. Estimates of 
the variation which can actually be assigned to radiation effects may 
Table 4. Number and. percent of rows containing fatuoids, plants with different heights, and 
chlorophyll mutants 
Population 
Fatuoids 
No. 4 
Noticeable height differences 
Tall 
No. 
Short 
No. 
SlBg. 
No. 
Chlorophyll 
mutants 
Radiated Clintland 40 6.2 8 1.2 7 l.l 14 2.2 4 
Clintland 0 0 0 0 0 0 0 0 0 
Radiated Beedee 19 4.6 42 10.1 13 3.1 33 7.9 1 
Beedee 0 0 0 0 0 0 0 0 0 
Hybridized & radiated 22 3.5 10? 17.2 31 5.0 58 9.3 1 
Hybridized 21 1.6 213 16.2 30 2.3 114 8.7 0 
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Table 5- Mean squares from the analysis of variance for weight per 
100-seeds from the random experiment6 
Source d.f. Mean squares 
Total 4031 
Replication 3 17.3450** 
Population 2 2.0975 
Error (a) 6 1.1154 
Clintland; 
Among families 91 .1149** 
Radiated vs. non-radiated 1 .2123* 
Among radiated 79 .1160** 
Among non-radiated 11 .0976** 
Error (b) 273 .0410 
Lines w/ families 92 .0525** 
Within radiated 80 .0577** 
Within non-radiated 12 .0176 
Error (c) 276 .0147 
Beedee; 
Among families 91 .1769** 
Radiated vs. non-radiated 1 .4137** 
Among radiated 79 .1891** 
Among non-radiated 11 .0672* 
Error (b) 273 .0366 
Lines w/ families 92 .0604** 
Within radiated 80 .0633** 
Within non-radiated 12 .0411* 
Error (c) 276 .0213 
Hybridized: 
Among families 319 .3638** 
Radiated vs. non-radiated 1 .0362 
Among radiated 159 .4196** 
Among non-radiated 159 .3201** 
Error (b) 957 .0631 
Lines w/ families 320 .0772** 
Within radiated 160 .0786** 
Within non-radiated 160 .0758** 
Error (c) 960 .0280 
H^ereinafter * and ** will denote significance at the 5 and 1 
percent levels, respectively. 
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Table 6. Mean squares from the analyses of variance for heading date 
and height- from the random experiment 
Source d.f. 
Mean squares 
Heading date Height 
Total 
Replication 
Population 
Error (a) 
Clintland: 
Among families 
Radiated vs. non-radiated 
Among radiated 
Azicng non-radiated 
Error 00 
lines w/ families 
Within radiated 
Within non-radiated 
Error (c) 
2015 
1 
2 
2 
91 
1 
79 
11 
91 
92 
80 
12 
92 
20.44 
774.24* 
12.60 
2.35** 
4.46** 
2.03** 
4.47** 
.61 
1.03** 
1.13** 
• 38 
.45 
119.58 
435.26* 
9.26 
8.58** 
4.52 
8.90** 
6.63* 
3.26 
1.64** 
I.67** 
1.42 
.93 
Beedee: 
Among families 
Radiated vs. non-radiated 
Among radiated 
Among non-radiated 
Error Ob) 
Lines w/ families 
Within radiated 
Within non-radiated 
Error (c) 
Hybridized: 
Among families 
Radiated vs. non-radiated 
Among radiated 
Among non-radiated 
Error (Td) 
Lines w/ families 
Within radiated 
Within non-radiated 
Error (c) 
91 
1 
79 
11 
91 
92 
80 
12 
92 
319 
1 
159 
159 
319 
320 
160 
160 
320 
10.67** 
3.09* 
11.44** 
5.82** 
.63 
2.28** 
2.38** 
1.56** 
.73 
52.25** 
42.42** 
51.33** 
53.22** 
1.12 
12.26** 
IO.54** 
13.99** 
1.14 
10.25** 
.81 
IO.98** 
5.84 
5.12 
3.10** 
3.34** 
1.48 
1.20 
22.12** 
85.08** 
27.47** 
I6.38** 
7.02 
5.32** 
6.51** 
4.14** 
1.67 
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Table ?• Mean squares from the analysis of variance for weight per 
100 seeds from the selected experiment 
Source d.f. Mean squares 
Total 4028 
Replication 3 25.8338** 
Population 2 4,2562* 
Error (a) 6 .7291 
Clintland: 
Entries 181* .0945** 
Radiated vs. non-radiated 1 .5132** 
Radiated 157 .0988** 
High vs. low l .7396** 
Among high 78 .0917** 
Among low 78 .0976** 
Eon-radiated 23 .0474 
High vs. low 1 .0005 
Among high 11 .0305 
Among low 11 .0685* 
Error (b) 54-3 .0332 
Beedee; 
Entries 183 .1218* 
Radiated vs. non-radiated 1 .2073** 
Radiated 159 .1317** 
High vs. low 1 .1380* 
Among high 79 .0908** 
Among low 79 .1726** 
Eon-radiated 23 .0499* 
High vs„ low l .0388 
Among high 11 .0526* 
Among low 11 .0481 
Error (b) 549 .0282 
Hybridized: 
Entries 639 .2028** 
Radiated vs. non-radiated l .5475** 
Radiated 319 .2337** 
High vs. low 1 2.0067** 
Among high 159 .2012** 
Among low 159 .2551** 
Non-radiated 319 .1709** 
High vs. low 1 1.2314** 
Among high 159 .1563** 
Among low- 159 .1788** 
Error (b) 1917 .0351 
®Both lines within one family of the radiated Clintland population 
were discarded "because of mixture. 
23 
Table 8. Mean squares from the analyses of variance for heading date 
and height from the selected experiment 
Source d.f. 
Mean 
Heading date 
squares 
Height 
Total 2011 
Replication 1 .01 700.29* 
Populat ion 2 782.24** 451.57* 
Error (a) 2 2.68 18.47 
Clintland; 
Among families 90a 6.87** 5.42** 
Radiated vs. non-radiated 1 .05 2.04 
Among radiated 78 7.78** 5.80** 
Among non-radiated 11 1.02 3.07 
Error (b) 90 1.23 2.83 
Lines w/ families 91 1.27** 2.36 
Within radiated 79 1.36** 2.42 
Within non-radiated 12 .67 1.98 
Error (c) 91 .51 2.04 
Beedee; 
Among families 91 8.72** 8.93** 
Radiated vs. non-radiated 1 5.03* .04 
Among radiated 79 8.94** 9.86** 
Among non-radiated 11 7.46** 3.08 
Error (b) 91 .77 4.30 
Lines w/ families 92 2.49** 4.10** 
Within radiated 80 2.73** 4.32** 
Within non-radiated 12 .94* 2.58 
Error (c) 92 .44 I.63 
Hybridized; 
Among families 319 48.71** 16.63** 
Radiated vs. non-radiated 1 156.10** 64.35** 
Among radiated 159 50.29** 16.54** 
Among non-radiated 159 46.47** 16.42** 
Error (b) 319 1.24 4.65 
Lines w/ families 320 14.16** 4.80** 
Within radiated 160 14.54** 5.36** 
Within non-radiated 160 13.78** 4.25** 
Error (c) 320 1.05 2.08 
B^oth lines within one family of the radiated Clintland population 
were discarded because of mixture. 
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Table 9» Coefficients of variation for weight per 100 seeds and height 
from the random and selected experiments 
Random experiment Selected experiment 
Wt./lOO seeds Height Wt./lOO seeds Height 
Error (a) 37.1 13.6 30.4 15.0 
Clintland: 
Error (b) 7-3 5-7 6.7 5.9 
Error (c) 4.3 3.0 — — 5.1 
Beedee: 
Error (b) 6.7 7.4 6.0 7.5 
Error (c) 5.1 3.6 — 4.7 
Hybridized; 
Error (b) 8.8 8.3 6.6 7.4 
Error (c) 5.8 4.0 — 4.9 
be obtained in several ways. One method would compare the ratios of the 
radiated to non-radiated mean squares within the material sources, i.e. 
Clintland, Beedee, or hybridized. Of the 30 such possible comparisons 
within and among families and within sources only eight were significant, 
five at the 5 percent level and three at the 1 percent level (Table 10). 
However, 27 of the 30 comparisons show the variation in radiated to be 
greater than that in the non-radiated material. The three with ratios 
of less than 1.0 were all for heading date and all in the random experi­
ment. Testing the significance of radiation induced variability via 
this method has limitations in that significance or non-significance 
will be related to and somewhat dependent on the magnitude of the error 
variance component. Comparisons for weight per 100 seeds from the 
Table 10. Ratios of the radiated to non-radiated mean squares and their levels of significance 
Random experiment 
Seed weight Heading date 
Ratio 
Height 
Sig. Ratio Sig. Ratio 
Selected experiment 
Heading date Height 
3ig. Ratio Sig. Ratio Sig. 
Clintland! 
Among families 1.19 U.S. 
Lines w/ families 3.28 5$ 
0.45a N.S. 1.34 U.S. 7.63 156 1.89 N.S. 
2.97 5$ 1.18 N.S. 2.03 N.S. 1.22 N.S. 
Beedee: 
Among families 2.81 5$ 1.97 N.S. 1.88 N.S. 1.20 N.S. 3.20 5# 
Lines w/ families 1.54 N.S. 1.53 N.S. 2.26 N.S. 2.90 5# 1.67 N.S. 
Hybridized: 
Among families 1.31 N.S. 0.96 N.S. 1.68 1JÈ 1.08 N.S. 1.01 N.S. 
Lines w/ families 1.04 N.S. 0.75 N.S. 1.57 1# 1.06 N.S. 1.26 N.S. 
&The ratio of non-radiated to radiated was 2.20 and significant at the 5 percent level. 
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selected experiment were not presented because of the different manner 
in which the mean squares for this character were subdivided, but ratios 
of radiated to non-radiated entry mean squares were 2.08, 2.64, and 1.37, 
respectively, for the Clintland, Beedee, and hybridized material. The 
Clintland comparison was significant at the 5 percent level, and the 
other two were significant at the 1 percent level. 
Another method of expressing the additional variation due to 
radiation is with the components of variance associated with the various 
family and line designations (Table 11). The model for expected ssan 
squares used to calculate the pertinent variance components is shown 
in Table 12. This method comes closer to giving the magnitude of the 
non-environmental variances associated with the different systems of 
obtaining variability. Some variation existed between families of 
Clintland and Beedee without radiation, but the components within families 
of this material seemed, as expected, to estimate zero. Radiation was 
in general able to increase variances in terms of actual magnitude as 
much in the hybrid as in the varietal populations, but no obvious per­
centage relationship over the non-radiated component was evident. In 
general the Beedee population was more variable than the Clintland both 
before and after radiation as had also been noted in Table 3» The 
variance component associated with heading dates among non-radiated 
Clintland families seemed excessively large, and it seems likely that the 
failure of the radiated variance to exceed the non-radiated might be 
due to an overestimate of this latter component rather than an actual 
failure of radiation to increase variation. 
A third method of expressing the variability created by radiation 
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2 2 Table 11. Variance components, s-g, or s for weight per 100 seeds, 
heading date, and height from the random experiment 
Weight/lOO seeds Heading date Height 
Clintland: 
Among families 
Radiated 
Non-radiated 
lines w/ families 
Radiated 
Non-radiated 
0.0094 
0.0071 
0.0108 
0.0007 
O.36 
0.97 
0.34 
0.04 
1.41 
0.84 
0.37 
0.25 
Beedee: 
Among families 
Radiated 
Non-radiated 
Lines w/ families 
Radiated 
Non-radiated 
0.0191 
0.0038 
0.0105 
0.0050 
2.70 
1.30 
0.83 
0.42 
1.47 
0.18 
1.07 
0.14 
Hybridized: 
Among families 
Radiated 
Non-radiated 
Lines w/ families 
Radiated 
Non-radiated 
0.0446 
0.0321 
0.0127 
0.0120 
12.55 
13.03 
4.70 
6.43 
5.11 
2.34 
2.42 
1.24 
may be obtained by comparing the standard deviations of the lines 
(Table 13) and population means (Table 14). The standard deviations 
from the two experiments were extremely similar indicating a high pre­
cision for these estimates. The exceptions were the Clintland heading 
date values which differed considerably between experiments and which 
may explain the previously mentioned failure of the radiated variance 
to exceed the non-radiated for this character in the random experiment. 
Both the standard deviations and population means for height were 
smaller in the selected than random experiment because the location of 
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Table 12. Expected mean squares for the sub unit and sub-sub-unit 
variances of the random experiment 
Source 
Among families 
Among radiated 
Among non-radiated 
Error (b) 
Lines w/ families 
Within radiated 
Within non-radiated 
Error (c) 
Expected mean squares 
'Î + 2d"| + 2 r  <5 m 
< f l  + 2d"! + 2r ^ IK-R 
*1 + 2 Cf| 
<$\ + r<dLR 
+ ="<4,-5 
<*ï 
this experiment did not allow as full an expression of height. In all 
of the six comparisons in the two experiments the mean 100-seed weights of 
the radiated populations were as heavy or heavier than their non-radiated 
counterparts. Radiation shifted heading date toward lateness in all 
genetic backgrounds and height toward tallness except in hybrid material. 
Which of these shifts are statistically significant may be seen from the 
appropriate radiated versus non-radiated comparisons of Tables 5» 6, 
7, and 8. The shift in population means toward higher seed weights 
would be considered beneficial, but under Iowa conditions taller and 
later types would be undesirable. 
Another method of indicating the effects of radiation is by com­
paring the extreme lowest and highest values in the frequency distribu­
tions for all characters from radiated and non-radiated populations 
Table 13. Standard errors of entry means for weight per 100 seeds, heading date, and height from 
the random and selected experiments 
Population 
Seed weight 
(Gms./lOO seeds) 
Heading date 
(Days after June l) 
Random Selected Random Selected 
Height 
(inches) 
Random Selected 
Radiated Clintland 
Clintland 
IwicLiatfsd Beedee 
Beedee 
Hybridized & radiated 
Hybridized 
0.155 
0.125 
O.I83 
0.121 
0.250 
0.223 
0.156 
0.109 
0.181 
0,112 
0.242 
0.207 
0.93 
1.19 
1.87 
1.44 
3.94 
4.12 
1.50 
0.65 
1.71 
1.42 
4.02 
3.88 
1.64 
1.44 
1.92 
1.29 
2.90 
2.28 
1.42 
1.12 
1.56 
0.86 
2.34 
2.27 
Table 14. Population means for weight per 100 seeds, heading date, and height from the random and 
selected experiments 
Seed weight Heading date Height 
Population (6ms./lOO seeds) (Days after June l) (inches) 
Random Selected Random Selected Random Selected 
Radiated Clintland 2.79 2.73 
Clintland 2.74 2.6$ 
Radiated Beedee 2.88 2.81 
Beedee 2.81 2.76 
Hybridized & radiated 2.87 2.86 
Hybridized 2.87 2.83 
18.0 18.2 31.8 28.4 
17.7 18.1 31.5 28.1 
20.6 20.9 30.4 27.5 
20.3 20.6 30.2 27.5 
18.6 19.2 31.8 29.0 
I8.3 18.5 32.4 29.4 
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(Tables 15» 16, and 1?). The calculated values in the non-radiated 
Clintland and Beedee populations were computed using average values from 
Snedecor (63, Table 5-5) for the relationship of range to standard 
deviation and the means and standard deviations from these populations 
(Tables 13 and 14). The value for n = 24 was found by interpolation. 
This procedure was used to give an estimate of the expected highest and 
lowest values for these populations that would not be as subject to 
sampling errors as might the observed values. These extreme values are 
of great interest to the plant breeder because they represent the 
maximum progress possible under these conditions. 
The percentile values (Tables IS, 19, and 20) represent still 
another means of describing the radiation effects. For the non-radiated 
Clintland and Beedee populations the percentile values were calculated 
using the t-values for infinite degrees of freedom, probabilities of 
0.10 and 0.20, (for the high and low extreme 5 and 10 percent, re­
spectively) and the population means and standard deviations (Tables 
13 and 14) of these populations. All other percentile values are those 
actually observed. In general the percentile values in radiated popula­
tion distributions were farther from the population means than similar 
values in non-radiated populations. 
The ratios of radiated to non-radiated variances between families 
for 1958 heading date were 1.35 for each source (Table 21). The com­
ponents in these variances were 6Jj + <5p where £5"|j and <5" J; were environ­
mental and non-environmental variances, respectively. Using ($^  + 2 
(Table 12) as an estimate of d"^ , 1959 heading date family variances were 
"reconstituted" according to this model, and the ratios of radiated to 
Table 15» The lowest and highest 100-seed weights from the random and selected experiments 
Population 
Random experiment Selected experiment 
Lowest Highest Lowest Highest 
Actual Calculated Actual Calculated Actual Calculated Actual Calculated 
Radiated Clintland 2.38 
Clintland 2.34 
Radiated Beedee 2.29 
Beedee 2.62 
Hybridized & radiated 2.24 
Hybridized 2.24 
2.50 
2.58 
3.20 
2.8? 
3.55 
3.09 
3.61 
3-47 
2.98 
3.04 
2.42 
2.41 
2.22 
2.61 
1.91 
2.27 
2.44 
2.54 
3.22 
2.81 
3.23 
3.01 
3.64 
3.34 
2.86 
2.98 
Table 16. The earliest and latest heading dates from the random and selected experiments 
Population 
Random experiment Selected experiment 
Earliest Latest Earliest Latest 
Actual Calculated Actual Calculated Actual Calculated Actual Calculated 
Radiated Clintland 15.0 
Clintland 15.0 
Radiated Beedee 14.0 
Beedee 16.5 
Hybridized & radiated 10.0 
Hybridized 10.0 
15.4 
17.5 
21.0 
19.0 
28.5 
23.5 
29.5 
29.5 
20.0 
23.1 
13.5 
16.5 
15.0 
18.5 
10.0 
10.0 
16.8 
17.8 
28.0 
19.5 
27.5 
24.0 
29.5 
28.0 
19.4 
23.4 
Table 17. The shortest and tallest heights from the random and selected experiments 
Random experiment Selected experiment 
Population Shortest Tallest Shortest Tallest 
Actual Calculated Actual Calculated Actual Calculated Actual Calculated 
Radiated Clintland 27.0 
Clint-land 28.5 
Radiated Beedee 23.0 
Beedee 27.5 
Hybridized & radiated 22.0 
Hybridized 27.0 
28.7 
27.7 
37-5 
33-5 
34.5 
32.5 
41.0 
39.5 
34.3 
32.7 
24.0 
24.5 
21.0 
25.0 
21.0 
24.0 
25.9 
25.8 
34.0 
30.0 
32.5 
29.5 
36.0 
35.5 
30.3 
29.2 
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Table 18. The 100-seed weights at the 5» 10, 90, and. 95 percentile 
points from the random and selected experiments 
Eandom experiment selected experiment 
Population 
5 10 90 95 5 10 90 95 
Radiated Clintland 2.56 2.61 3.00 3.06 2.49 2.54 2.92 3.02 
Clintland 2.53 2.58 2.90 2.95 2.4? 2.51 2.79 2.83 
Radiated Beedee 2.60 2.68 3.12 3.17 2.52 2.58 3-04 3.10 
Beedee 2.61 2.65 2.97 3.01 2.58 2.62 2.90 2.94 
Hybridized & radiated 2.44 2.54 3.19 3.27 2.47 2.54 3.18 3.27 
Hybridized 2.53 2.60 3.17 3.26 2.48 2.57 3.10 3.16 
Table 19. The heading dates at the 5» 10, 90, and 95 percentile points 
for the random and selected experiments 
„ , Random experiment Selected experiment 
Population 
10 90 95 5 10 90 95 
Radiated Clintland 16.5 17.0 19.0 19.5 16.0 16.5 19-5 20.0 
Clintland 15.7 16.2 19.2 19.7 17.0 17.3 15.9 19.2 
Radiated Beedee 18.0 18.5 22.5 23.5 18.0 19.0 23.0 23.5 
Beedee 17.9 18.5 22.1 22.7 18.3 18.8 22.4 22.9 
Hybridized & radiated 13.0 13.5 24.0 25.5 12.5 13.5 24.5 25.5 
Hybridized 11.5 12.5 23.5 25.O 12.0 13.0 23.5 25.5 
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Table 20. The heights of the 5. 10, 90, and 95 percentile points from 
the random and selected experiments 
Random experiment Selected experiment 
Population 
5 10 90 95 5 10 90 95 
Radiated Clintland 29.0 29-5 33.5 34.0 26.5 26,5 30.0 30.5 
Clintland 29.1 29.7 33.3 33.9 26.3 26.7 29.5 29.9 
Radiated Beedee 27.0 28.0 32.5 33.5 24.5 25.0 30.0 30.5 
Beedee 28.1 28.5 31.9 32.3 26.1 26.4 28.6 28.9 
Hybridized & radiated 27.5 28.5 35.5 37.0 25.5 26.0 32.0 33.0 
Hybridized 29.0 2-9.5 35.5 36.5 26.0 26.5 32.5 33.5 
Table 21. Heading date variances and similar variances "reconstituted" 
from 1959 data 
Population 
1958 
Ratios 
"Reconstituted'1 
Ratios 
Clintlandî 
Radiated 
Non-radiated 
2.65 
1.97 
1.35 .97 
1.58 
.61 
Beedee! 
Radiated 
Non-radiated 
9.62 
7.15 1.35 
3-33 
1.93 1.73 
Hybridized: 
Radiated 
Eon-radiated 
21.02 
15.53 1.35 
13.67 
14.15 .97 
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non-radiated variances sporadically ranged from 0.61 to 1.73» The 
failure of these two situations to he comparable may be explained either 
by a random sampling quirk, particularly in the 1958 data, or by an 
extreme genotype x environment interaction. 
Previous comparisons have been designed to express the effects of 
radiation on a given genetic background, but it is equally interesting 
to compare the effectiveness of radiating varieties with the variability 
that can be obtained from only hybridization (Table 22). This ratio 
was approximately 50 percent for both between and within family com­
parisons whether mean squares or variance components were used. 
Radiation was relatively leas effective in changing heading date than 
the other characters. For 100-seed weight the within family ratios 
were approximately double those among families, but this is not true of 
other characters. 
Heritability percentages were computed using data from the 1959 
experiments by the conventional parent-progeny method (45) and in 
standard units (20) (Tables 23 and 24). Family means were used in the 
heading date computations, whereas both family and entry means were 
used for weight per 100 seeds. In addition the seed weight data from 
the selection experiment offered an unusual opportunity to compute 
heritability in the sense that Galton (23) originally used the term 
regression. Within each family the progeny of the lines selected for 
extreme weight should have regressed toward the family mean to the 
extent that their expressions were caused by environmental influences. 
Consequently the difference between the performance of the two progenies 
of a family expressed as a percentage of the parental selection 
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Table 22. Ratios of mean squares and variance components from radiated 
varietal to non-radiated hybridized populations from the 
random experiment 
Mean squares Variance components 
Among 
families 
Within 
families 
Among 
families 
Within 
families 
Weight per 100 seeds 0.48 0.80 0.45 0.89 
Heading date 0.48 0.13 0.12 0.09 
Height 0.61 0.61 0.62 O.58 
Mean 0.52 0.51 0.40 0.52 
differential in that family was an estimate of heritability. The 
"Galtonian" heritability values (Table 24) were obtained by dividing 
the total of the progeny differentials by the total of the parental 
selection differentials within a population. No heritabilities were 
found for height since 1958 data were not available on this trait. 
The frequency distributions for the three characters measured in 
the random experiment are given in Figures 1-9. The means and standard 
deviations presented in Tables 13 and 14 and skewness and kurtosis (63) 
values from Table 25 apply directly to these line mean distributions. 
There was neither a consistently positive or negative change in skew­
ness due to radiation in any of the three characters (Table 25) indicating 
that the increased variability from radiation occurred in both directions 
from the population centers. However, with the exception of weight per 
100 seeds for the Clintland material, radiation consistently changed 
the kurtosis values in a positive direction. 
Table 23. Conventional and standard unit parent-progeny heritability percentages for weight per 
100 seed and heading date from the random experiment 
Weight per 100 seeds Heading date 
Population Family basis line balïl (Family basis) 
b b' Sig. b b' Sig. % Sig. 
Radiated Clintland 6.5 13.7 N.S. 9.4 18.4 50 11.0 17.6 N.S, 
Radiated Beedee 19.8 36.7 10 20.8 39.1 10 37.1 66.3 10 
Hybridized & radiated 42.4 60.1 10 35.9 53-2 10 63.4 72.5 10 
Hybridized 28.1 41.4 10 25.3 38.6 10 73.7 75-6 10 
Clintland -26,7 -44.3 N.S. —20.6 -38.3 N.S. — 8.2 -I3.3 N.S 
Beedee - 1.3 - 2.0 N.S. -16.5 -26.9 N.S. 30.8 59.8 50 
Table 24. Conventional and standard unit parent-progeny and Galtonian heritability percentages for 
weight per 100 seeds and heading date from the selected experiment 
Weight per 100 seeds Heading date 
Population Family basis raitnnian Line basis (Family basis) 
b b» Sig. b b» Sig. b b" Sig. 
Radiated Clintland 14.8 25.6 50 15. 8 14.3 31.4 10 38.5 44.0 10 
Radiated Beedee 17.5 24.8 50 5-9 9.7 19.5 50 30.1 57.1 10 
Radiated & hybridized 36.9 55.3 1* 16. 1 27.5 49.3 10 66.7 74.3 10 
Hybridized 30.2 39.0 10 14. 9 21.3 35-5 10 63.3 75.3 10 
Clintland - 0.4 - 0.7 N.S. 1. 5 - 2.0 - 4.5 N.S. — 2# 1 - 3.1 N.S 
Beedee 25.7 51.1 N.S. 11. 0 14.7 37.4 N.S. 37.5 66.2 50 
Figure 1. Frequency distributions for 100-seed weights of Clintland 
derived lines from the random experiment 
Figure 2, Frequency distributions for 100-seed weights of Beedee 
derived lines from the random experiment 
Figure 3« Frequency distributions for 100-seed weights of hybrid 
derived lines from the random experiment 
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Figure 4. Frequency distributions for heading dates of Clintland 
derived lines from the random experiment 
Figure 5* Frequency distributions for heading dates of Beedee derived 
lines from the random experiment 
Figure 6. Frequency distributions for heading dates of hybrid derived 
lines from the random experiment 
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Figure ?. Frequency distributions for heights of Clintland derived 
lines from the random experiment 
Figure 8. Frequency distributions for heights of Beedee derived lines 
from the random experiment 
Figure $. Frequency distributions for heights of hybrid derived lines 
from the random experiment 
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Table 25. Skewness and kurtosis values and their five percent confidence intervals for weight per 
100 seeds, heading date, and height from the random experiment 
Weight per 100 seeds Heading date Height 
Non-radiated Radiated Non-radiated Radiated Non-radiated Radiated 
Skewness 
Clintland -2.11 + 0. 93 -0.03 + 0.38 -1.26 + 0. 93 0.13 i 0.38 -0.27 + 0.93 —0. 06 + 0.38 
Beedee 0.62 + 0. 93 0.31 + 0.38 0.92 + 0. 93 0.68 ± 0.38 -0.34 ± 0.93 -0.58 ± 0.38 
Hybridized 0.08 ± 0. 27 —0 • 01 ± 0.27 0.05 + 0. 27 0.28 0.27 0.53 ± 0.27 0.39 + 0.27 
Kurtosis 
Clintland 6.31 ± 1.81 0.17 + 0.75 1.16 ± 1.81 1.46 ± 0.75 -0.49 + 1.81 1.16 ± 0.75 
Beedee 0.02 ± 1.81 1.25 + 0.75 0.64 + 1.81 3-78 0.75 —0,26 + 1.81 1.21 + 0.75 
Hybridized -0.22 ± 0.54 -0.21 ± 0.54 -0.59 4* 0.54 -O.52 -H 0.54 0.20 ± 0.54 0.43 + 0.54 
48 
G-enotypic correlations(69) between heading date and seed weight were 
calculated within each population of both experiments. When the value 
under the radical was negative, the genotypic correlation was considered 
to be zero. Of the 12 possible genotypic correlations all but 2 were 
zero, and these were of small magnitude indicating that heading date and 
100-seed weight were affected by different genes. 
In the greenhouse natural crossing studies, the experiment in­
volving radiated Clintland indicated a natural crossing percentage of 
O.56. Ho seed was set on emasculated florets of the other experiment, 
and this is taken to be an observation of 0 percent crossing. Thus, 
the amount of intra-population hybridization appeared negligible even 
for these extreme conditions. 
4? 
DISCUSSION 
The first generation of the material used for this study was 
grown in the greenhouse to minimize the opportunity for natural crossing 
for which other studies have "been criticized (?,4l). The four larger 
populations were grown in separate greenhouse rooms to make the possi­
bility of interpopulation crossing still more remote. Intra-population 
hybridization, especially with the two hybrid populations, could cause 
some additional variation. Two experiments, conducted to estimate the 
extent of such crossing, were designed to maximize the opportunities 
for cross pollinations since each pot of the female was surrounded with 
marker carrying plants which could supply pollen. The crossing percents 
from the two experiments were only 0 and O.56. While it would be 
impossible to preclude the possibility of an intra-population hybrid 
having occurred, the likelihood of this contributing significantly to 
the increased radiated variances seems infinitesimal. 
The results obtained in this study indicate that radiation increased 
the variation associated with any of the three characters measured, 
weight per 100 seeds, heading date, and height. Furthermore, it appeared 
that in general any of these characters could be changed positively or 
negatively in any of the three genetic backgrounds studied. The one 
exception was the failure to produce appreciable, additional variation 
for heading date in the hybridized material. There would appear to be 
two possible explanations for this failure: (a) the variation in heading 
date produced by hybridization had already reached the genetic limits 
under the environmental conditions encountered, and (b) heading date is 
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innately less mutable than the other two traits. The occurrence of non-
heading plants in the 1958 material would favor the first explanation, 
but the complete solution of the problem must await more definitive 
data than is now available. 
Selection for 100-seed weights in Clintland and Beedee was effective 
only in radiated populations. The high and low deviates within families 
of the two non-radiated varietal populations were due, as expected, to 
environmental variations. Since the hybrid populations were both 
segregating for seed weight, selection was effective in both. However, 
the "High vs. low" mean square was considerably larger in radiated than 
in non-radiated hybrid material which shows that the mutant variation 
would permit greater genetic gain from selection. 
Radiation causes gene mutations, translocations, deletions, etc. and 
in addition could perhaps slightly increase the number of crossovers. 
This increased variation would likely contribute more to observed 
variances in a hybrid— and therefore heterozygous—population than 
in a pure line variety. The 1958 heading data support this reasoning 
since the actual increase in variation from radiation was considerably 
greater in hybrid material than with either of the varietal populations. 
Other data are not so obvious nor consistent, but the variance compo­
nents (Table II.) also suggest that radiation effects are somewhat 
larger within the hybrid groups. It is regrettable that, heading date 
cannot really be considered in this statement since its variances were 
not increased by radiation in the random experiment. Considering both 
experiments, it is obvious, however, that radiation extended the hybrid 
variances for the characters studied, and whether it would be worthwhile 
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to radiate hybridized material depends largely on the interests and needs 
of the "breeder. 
It was not possible to estimate the number of mutations that 
radiation caused. The changes in the three quantitatively inherited 
characters, however, appeared to be of small enough magnitude that the 
individual mutations were not readily discernible, suggesting that a 
number of mutations each of small effect accounted for the increased 
variances. Perhaps this inability to discern individual mutations 
partially explains the dearth of published papers reporting any sort of 
a quantitative measure of the effect of radiation on quantitative 
characters. 
In sharp contrast to Boss and Miller (56) who reported poor pre­
cision for height and heading date, the precision of the 1959 experiments 
(Table 9) appeared quite adequate despite the extremely small plot size. 
While coefficients of variation were not calculated for heading date, 
the error mean squares (Tables 6 and 8) indicate that this character 
was also measured precisely. Perhaps yield would not be evaluated 
precisely by hill plots, but under Iowa conditions hill plots were very 
efficient for measuring weights per 100 seeds, heading date, and height. 
The failure of radiation to produce either a consistent positive 
or negative shift in skewness for any of the characters seems to dis­
prove the frequently held assumption that mutants are almost always 
detrimental. Regardless of which direction was considered desirable 
for any of the three characters studied, an excess of undesirable mutants 
was not evident. This observation can be reconciled with the reports 
of Stadler (64,65,66) and others concerning the preponderance of 
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undesirable mutants since their conclusions were principally from 
diploid organisms in which large, gross changes are more the rule than 
in the polyploid cereals. This failure of radiation to produce a con­
sistent positive or negative shift in skewness values for any character 
coupled with the observations that the extreme and 5 and 10 percentile 
values were both higher and lower in radiated populations seems to 
indicate that a near equal number of mutations occurred in both direc­
tions. The minute but consistent and statistically significant shifts 
in populations means (Table 14) are, however, difficult to reconcile 
with such a conclusion. It might be true that a large number of small 
mutations with a small prevalence of values in one direction could shift 
the means of the populations without noticeably disturbing skewness or 
extreme values, but a complete explanation of the seeming contradiction 
of different types of evidence is not apparent. 
Eight of the nine estimates of the effect of radiation on kurtosis 
were positive. Even though most of the shifts in kurtosis were not 
statistically significant, the trend was obvious. The increased vari­
ances associated with radiated material showed that lines were shifted 
from the central portion of the curve, and the positive kurtosis values 
indicate that the tips of the curves were increased relatively more than 
the flanks. Figures 3 and 9 demonstrate this grouping of values toward 
the tips. These data support the suggestion (^9,50) that the small, 
subtle mutations found with polyploids are of sufficient magnitude to 
be of value in a breeding program. 
Assuming most mutations are from dominant to recessive and con­
sidering that the radiated generations lagged one generation behind 
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the filial, we would expect the effectiveness of radiation relative to 
hybridization (Table 22) to be greater within than "between families. 
This was found to "be true only for seed weight which would seem to 
indicate that dominance and epistasis were of more importance in this 
character than the other two. Such an observation confirms Jones (38) 
data which showed a much higher dominance value for seed weight than 
for height and heading date. Thus it would appear that additive gene 
action (no dominance or epistasis) was common for these latter characters 
allowing mutations to be expressed in the H-j_ (i.e. between families) as 
well as in subsequent generations. 
Heritability percentages (Tables 23 and 24) tended to rise as 
standard deviations (Table 13) were increased by radiation. This shows 
that a considerable amount of the increased variance due to radiation 
was heritable to the following generation and not just due to some 
transient, direct effect of radiation. It also illustrates the fre­
quently overlooked fact that heritabilities cannot be high unless there 
is an adequate amount of genetic variance in the population. As may 
be remembered, the 1958 heading dates were taken only on a row basis 
and the weights per 100 seeds on single, spaced plants while all 1959 
data were from replicated plots planted at near field rates. Con­
sidering these differences as well as climatic variations between the 
two seasons, it seems remarkable that heritabilities were so high but 
also attests to the precision of the procedures. As expected, the 
G-altoni&n heritabilities were in closer agreement with the conventional 
regression values. 
This study has compared radiation and hybridization in creating 
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variability for some quantitatively inherited characters in oats. The 
answers obtained are dependent to some degree on the choice of varieties 
and species, the type and dosage of radiation used, the experimental 
procedures chosen, and the growing seasons utilized. However, insofar 
as the characters studied and experimental conditions were representative, 
it may be concluded that radiation can induce genetic variation for 
quantitative characters that is heritable, of sufficient magnitude and 
frequency to be of interest in a breeding program, and comparable to 
the variability created by hybridization. 
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SUMMARY 
The effects of an acute dose of thermal neutron radiation on the 
genetic variability of three quantitatively inherited characters in pure 
line and hybrid populations of oats were evaluated. Plants from radiated 
lots of 1,000 seeds of both Clintland and Beedee and 2,000 Fg seeds of 
Clintland x Beedee and non-radiated lots of 200 Clintland, 200 Beedee, 
and 2,000 Fg seeds were grown to maturity in the greenhouse. This was 
a precautionary measure to minimize the natural crossing that is known 
to occur in radiated field populations. 
A spaced,plant row from each greenhouse plant was grown in the 
field in 1958, and data were recorded for heading date, height, and 
chlorophyll and fatuoid mutants. Individual plants from each row were 
harvested and threshed, and 100-seed weights were determined on a 
portion of the plants. For one experiment in 1959 two plants were chosen 
at random to represent each family (row), and for the second experiment 
the plants having the highest and lowest seed weights within a family 
were selected. The experiments, each containing 1,008 entries repre­
senting 504 families, were replicated four times in hill plots. 
Heading date, height, and 100-seed weights were recorded from both 
1959 experiments. Variance analyses of these data indicated that 
radiation increased the variance both between and within families in 
Clintland, Beedee, and hybrid backgrounds. No consistent positive or 
negative shifts in skewness values were induced by radiation which 
suggests that equal numbers of beneficial and detrimental imitations 
were caused. Consistent shifts in kurtosis values occurred for all 
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three characters. The increased variance due to radiation showed that 
lines were shifted from the central portion of the distributions, and 
the positive kurtosis values indicated that the extremes of the curves 
were increased relatively more than the flanks. The extreme values and 
extreme 5 and 10 percentile levels in the population distributions showed 
that greater genetic advance could be made by selection in radiation 
derived materials. Both the results from the selection experiment and 
the heritability percentages indicated that the variability created by 
radiation was equally as heritable as that due to hybridization. 
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